PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 0 : 




(11) International Publication Number: 


WO 97/12079 


C25D 5/02, 17/06 


Al 


(43) International Publication Date: 


3 April 1997 (03.04.97) 



(21) International Application Number: PCT/US967 15032 

(22) International Filing Date: 19 September 1996 (19.09.96) 



(30) Priority Data: 
08/534,489 



27 September 1995 (27.09.95) US 



(71) Applicant (for all designated States except US): INTEL COR- 

PORATION [US/US]; 2200 Mission College Boulevard, 
Santa Clara, CA 95052 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CRAFTS, Douglas, E. 
(US/US); 475 South 12th Street, San Jose, CA 951 12 (US). 
SWAIN, Steven, M. [US/US]; 6865 Casual Court, San 
Jose, CA 95120 (US). TAKAHASH1, Kenji [JP/JP]; 2-33- 
4 Hiratsuka, Hiratsuka-shi, Kanagawa 254 (JP). ISHIDA, 
Hirofumi [JP/JP); 1061, Shindo, Hiratsuka-shi, Kanagawa 
254 (JP). 

(74) Agents: HYMAN. Eric, S. et al.; Blakely, Sokoloff, Taylor & 
Zafman. 7th floor, 12400 Wilshire Boulevard, Los Angeles, 
CA 90025 (US). 



(81) Designated States: AL, AM, AT, AT (Utility model). AU, A2, 
BA, BB, BG, BR. BY, CA, CH, CN, CU, CZ, CZ (Utility 
model), DE, DE (Utility model), DK, DK (Utility model). 
EE. EE (Utility model), ES, FI, FI (Utility model), GB, GE, 
HU, IL. IS, JP. KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU. LV, MD. MG. MK. MN, MW, MX, NO. NZ. PL. 
PT. RO. RU. SD, SE, SG, SI, SK, SK (Utility model). TJ, 
TM, TR. TT, UA, UG, US, UZ, VN, ARIPO patent (KE, 
LS, MW. SD. SZ, UG), Eurasian patent (AM, AZ, BY, KG, 
KZ. MD, RU, TJ, TM), European patent (AT, BE, CH, DE, 
DK, ES, FI. FR, GB, GR. IE, IT, LU. MC, NL, PT, SE), 
OAPI patent (BF. BJ. CF. CG. CI. CM. GA. GN, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: FLEXIBLE CONTINUOUS CATHODE CONTACT CIRCUIT FOR ELECTROLYTIC PLATING OF C4. TAB MI- 
CROBUMPS. AND ULTRA LARGE SCALE INTERCONNECTS 




(57) Abstract 

A cathode contact device (20) is provided for providing deposition onto a target surface (18) of a workpiece (16). The workpiece 
has a first electrically conductive continuous contact (17) surrounding the target surface (18). The cathode contact device (20) includes a 
second electrically conductive continuous contact adapted for frictionally contacting the first contact (17) along a continuous path located 
on the first contact (17). The second contact further has an inner periphery defining an aperture for passing therethrough the particles onto 
the target surface (18). Additionally, the cathode contact device (20) includes a circuit for electrically coupling the second contact to an 
electrical current supply (25). 

BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 
.EJTJE'JS ft?* S,ates '° «• PCT on .he fmnt 



applications under the PCT. 



pages of pamphlets publishing international 



AM 

AT 

AU 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

ci 

CM 
CN 

cs 
cz 

DE 
DK 



FI 
FR 
GA 



Armenia 

Austria 

Australia 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 



Central African Republic 

Congo 

Switzerland 

Cote d'lvoire 

Cameroon 

China 

Czechoslovakia 

Czech Republic 

Germany 

Denmark 

Estonia 

Spain 

Finland 

France 

Gabon 



GB 


United Kingdom 


CE 


Georgia 


CN 


Guinea 


GR 


Greece 


HI) 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


I>emocratic People's Republic 




of Korea 


ICR 


Republic of Korea 


KZ 


Kazakhstan 


U 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


Lithuania 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TO 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 97/12079 



PCT/US96/15032 



FLEXIBLE CONTINUOUS CATHODE CONTACT CIRCUIT 
FOR ELECTROLYTIC PLATING OF C4, TAB MICROBUMPS, AND 
ULTRA LARGE SCALE INTERCONNECTS 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the field of electroplating. More 
specifically, the present invention relates to an apparatus and a 
method for improving the process of electroplating of controlled 
collapse chip connection (C4) microbumps, of tape automated bonding 
(TAB) microbumps, and of integrated circuit interconnects. 

2. fre tet ed Art 

Typically, integrated circuits are assembled by using the 
standard "wirebond" integrated circuit method which will be 
explained in conjunction with Figures la-Id. Figure la shows a wafer 
10 with dice 12 laid out in horizontal and vertical rows. A die can be 
singled out, as shown in Figure lb, and bonded into a Pin Grid Array 
package (PGA) 14 shown in Figure lc. As one can see from this figure, 
first the die 12 is positioned face up within a recess 17 made onto the 
top surface 16 of the PGA 14. Then the die is bonded to the PGA 14 by 
means of the wirebond pads 18. The wirebond pads 18 are also 
connected to various functional blocks of the die via conductors (not 
shown). Typically, up to 600 wirebond pads are positioned around the 
periphery of the die for making connections with the package. A 
wirebonder is used to wirebond the die, via the wirebond pads 18 to 
the wirebond pads 19 positioned onto the top surface 16 of the PGA 14. 
The wires are looped up and over to the corresponding pads on the 
package as shown in Figure Id. One drawback of this method is that 
the routing of conductors, from the functional blocks of the die to the 
peripheral wirebond pads 18, increases signal propagation delays due 
to the high impedance of the conductors. 
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A more recent technology called controlled collapse chip 
connection CC4") has emerged in the field of integrated circuit 
assembly According to this method, the chip is positioned face down 
«n the package, instead of face up. The die is then connected to the 
package via a plurality of solder bumps which are soldered to both the 
die and the package. The connections between the package and the die 
are made straight down into the package, as opposed to the 
connections in the conventional wirebond technology where the 
connections were made by routing conductors or wires to the 
peripheral wirebond pads, and then looping wires up and over to the 
package. Due to the shorter signal path from the die to the package 
this method provides an improvement over the old method with ' 
respect to the parasitic impedances of the conductors. 

According to one method for depositing solder bumps onto a 
wafer a molybdenum mask 30 is overlaid onto the wafer 10 and then 
aligned to the input/output of each die 12 as shown in Figure 2 The 
molybdenum mask has openings 32 at locations corresponding to the 
projected signal connections on the die. The wafer 10 and the overlaid 
mask 30 are inserted into a vacuum chamber and exposed to physical 
vapor deposition. A compound such as lead and tin, for example is 
heated until it melts, evaporates inside the vacuum chamber, and 
deposits through openings 32 onto the wafer, therebv forming bumps 
Once the compound is deposited, the molybdenum mask is torn off 
the wafer. The C4 bumps remain on the wafer at the desired locations 
corresponding to the respective openings in the mask therebv defining 
the desired microbump pattern in the molybdenum mask The 
problem with this process is that a lot of the material is wasted during 
the deposition. Almost 90 - 98% of the material is deposited on the 
vacuum chamber s walls instead of being deposited onto the wafer. 

A more advantageous method is electroplating solder onto the 
wafer. I his method involves initially metalizing the surface of the 
wafer thereby forming a conductive layer across the wafer The next 
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step is depositing a photoresistive mask which defines a 
predetermined bump patterns, upon the surface of the conductive 
layer. The photoresistive material electrically insulates the metal 
layer except for the openings through the photoresist where bumps 
are to be plated. The following step is plating the bumps with an alloy 
of lead and tin. The bumps build up in a predetermined bump 
pattern, each bump having a desired final height. The next step is 
stripping the photoresistive material and also stripping the portions of 
the conductive layer which do not have bumps plated thereon so that 
the bumps will not be short-circuited. 

The system used for the above-described electroplating process 
is configured utilizing a cup which contains the electrolyte and holds 
the wafer in place during the electroplating process. Electrolytic 
plating requires, among other things, an electrolyte which contains 
lead and tin in an ionic suspension, for example. Other metals 
however, depending on the specific application, can be used in the 
ionic suspension. Furthermore, electrolytic plating requires electrical 
contacts onto the wafer such that a negative charge will be distributed 
onto the conductive metal layer of the wafer. The negative charge 
flowing onto the wafer combines with positive ions from the 
electrolytic solution, through a reduction process, thereby causing the 
lead to be deposited onto the wafer in the form of microbumps 
positioned onto the wafer according to a predetermined microbump 
pattern. Typically, there are two types of currents which flow onto the 
wafer - cathode current and anode current. The cathode current is 
provided by the cathode along the surface of the wafer. The anode 
current, provided by the anode assembly, flows in a direction 
substantially transversal to the plane of the wafer towards the wafer to 
be plated. 

The above-described method, however, suffers from several 
disadvantages. One such disadvantage is non-uniform cathode 
current flowing onto the cathode surface of the wafer. The non- 
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uniform cathode current causes non-uniformity in the anode current 
which in turn causes the microbumps formed onto the wafer to 
display non-uniformity across the wafer. The non-uniform cathode 

art cathode contacts were connected to the wafer at only a discrete 
number of points located at the periphery of the wafer.' 

if the ch 0 T n K° rm bUmPS ^ CaUSC Pr ° blems - For —Pie, 

f the ch,p has bumps that are very small and bumps that are very 

arge, the die will be tilted upon its assembly onto the package The 

tack ot uniformity in the bump pattern also causes open circuits due to 

»he fact that not all microbumps are connected to the pads of the 

package. Yet another problem occurs where bumps are formed so 

tz::z:^ zzt a short c,rcu,t - ms of — 

Furthermore, non-uniform distribution of negative charge 

cteVother r fh et ^T" *° ° f metalHc ~ * 

cases other than microbumps electroplating. For example, integrated 

circmt mterconnects are also plated onto silicon wafers Non- 

the Z ; ° f Cath ° de CUrrem C3USe -n-iform thickness of 
the plated mterconnect. This, in turn, can cause undesirable effects 
such as electro-migration. 

Furthermore, some electroplating methods require that the 
cathode contact, which is mounted on top of the cup, is easily 
removable once it is used up. However, removal of the cathode 
contact can be very difficult since the cathode contact will stick to the 
nm of the cup holding the cathode contact due to lead tin, or other 
metal, deposited between the cathode contact and the rim of the cup. 

Consequently, a different type of configuration for the cathode 
contact is desirable such that the anode current flowing across the 
wafer will be uniformly distributed across the surface of the wafer 
Moreover, it is desirable to have a cathode contact which is protected 
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from particle deposition thereon. Furthermore, it is desirable to have 
a cathode contact which is easily removable once this contact needs to 
be replaced. Also, it is desirable to have a cathode contact which 
provides a resilient sealing against the photoresist layer of the wafer - 
thereby protecting, from deposition during plating, the exposed 
conductive metal contact located at the edge of the wafer. It is also 
desirable that the cathode contact be very thin in order to minimize 
the obstruction of smooth flow of the electrolyte at the periphery of 
the wafer. Also, it is desirable to have a cathode contact which is easily 
and precisely positioned onto the electroplating cup relative to a 
conductive contact of the wafer located at the periphery of the wafer. 

BRIEF SUMMARY OF THE I NVENTION 

An apparatus and method are disclosed for overcoming the 
disadvantages and limitations associated with prior art cathode contact 
devices. Such disadvantages and limitations include, but are not 
limited to: non-uniform microbump or interconnect deposition 
created by discrete cathode contacts; undesired metallic deposition 
onto the surface of the cathode; and, difficulty in removing the 
cathode contact from the wafer once the cathode contact needs to be 
replaced. 

The present invention provides a cathode device for providing 
particle deposition onto a target surface of a working piece. The 
particles to be deposited onto the target surface are driven by an 
electrical field created by the cathode device and an anode. The 
working piece generally has a first electrically conductive continuous 
contact surrounding the target surface of the working piece. The 
cathode device includes a second electrically conductive continuous 
contact adapted for frictionally contacting the first contact along a 
continuous palh located on the first contact. The second contact 
further has an inner periphery defining an aperture for passing 
therethrough the particles onto the target surface of the working piece. 
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Additionally, the cathode device is provided with a circuit for 
electncaUy coupling the second contact to an electrical current supply. 

According to one embodiment of the present invention, it is 
provided a cathode contact device for electroplating microbumps or 
interconnects onto a substantially circular target surface of a 
semiconductor wafer, the semiconductor wafer having a first 
substantially annular electrically conductive contact surrounding the 
target surface, the microbumps or interconnects being formed b V 
deposition of metallic ions onto the target surface at predetermined 
microbump or interconnect locations. The ions are driven bv an 
electric field created by said cathode device and an anode upon 
coupling the cathode contact device and the anode to an electric 
current supply. The cathode contact device includes a second 
substantially annular electrically conductive continuous contact 
substantially similar with the first contact. The second contact is' 

locTd t0 /: iC : i0na,,V the « rs < -^act along a continuous path 

located on the f.rst contact. The second contact has a substantially 
circular inner periphery defining an aperture for passing the metallic 
•ons onto the target surface. The site of the aperture is substanti" 

furth drCUlar tar8et THe Cath ° de -ntact device 

further has a circuit for supplying cathode current from the electric 
current supply to the second contact. 

In another embodiment, a cathode contact device is provided 
for particle deposition onto a target surface of a working piece The 
working piece has a first electrically conductive continuous contact 
surrounding the target surface. The cathode contact device comprises 
a flexible metal clad laminate having a flexible electricallv conductive 
continuous contact adapted for nationally contacting the first contact 
along a continuous path located on the first contact. The second 
contact further has an inner periphery defining an aperture for 
passing therethrough the particles onto the target surface The 
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cathode contact device further has a circuit for electrically coupling the 
second contact to a current supply. 

The present invention also provides a method for providing 
uniform particle deposition from an anode source onto an electrically 
conductive target surface of a working piece. The method comprises 
the steps of (a) depositing by photolithography, a layer of photoresist 
onto the target surface, wherein selected areas of the target surface are 
covered by the photoresist, and non-selected areas of the target surface 
are not covered by the photoresist according to a predetermined 
particle deposition pattern; (b) removing, by etching, a portion of said 
photoresist located at the periphery of said layer of photoresist, thereby 
providing a first electrically conductive continuous contact around the 
target surface; (c) providing a source of particles; (d) providing a 
cathode contact device having a second electrically conductive 
continuos contact adapted for frictionally contacting the first contact 
along the continuos path located on the first contact, the second 
contact further having an inner periphery defining an aperture for 
passing therethrough the particles onto the target surface; (e) 
providing an anode for creating an electrical field between said anode 
and said cathode thereby driving said particles from said source of 
particles; (f) providing a circuit for electrically coupling the second 
contact to an electrical current supply; (g) mounting the cathode 
contact device onto the periphery of a working structure; (h) laying the 
working piece upon the cathode contact device whereby the first and 
second contacts are frictionally engaged around a continuous path 
located on the first contact; (i) coupling the second contact and the 
anode to an electrical current supply. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, aspects, and advantages of the present invention 
will become more fully apparent from the following detailed 
description, appended claims, and accompanying drawings in which: 



WO 97/12079 



PCT/US96/15032 



assemhl'T H 3 ' 1 " Sh ° W diffCrent 3SpeCtS ° f 3 conv -tional wirebond 
assembly of a die onto a package, in which 

Figure la shows a wafer with a plurality of dies; 
bond pads Fi8Ufe ^ Sh ° WS 3 Single h3Ving 3 plUrality ° f wire 

Figure lc shows a die and a PGA package before 
mounting the die on to the PGA package; 

Figure Id shows a die mounted onto the PGA package. 

Figure 2 illustrates a flip chip mask with a wafer according to 
the prior art C4 method. 8 

Figure 3 illustrates an electroplating assembly with a cathode 
contact device mounted therein. 

Figure 4 illustrates a view of a wafer and the cathode contact 
device according to the present invention. 

Figure 5 illustrates a top view of the continuous cathode contact 
dev,ce according to the present invention. 

Figure 6 shows a top view of the continuous contact device 
mounted into an electroplating cup. 

Figure 7 illustrates a cross-section of the annular portion of a 
animated clad incorporating the cathode contact device according to 
the present invention. & 

Figure 8 illustrates a longitudinal cross-section of an arm for 
connecting the cathode contact device to an electrical current supply. 

Figure 9 illustrates a cross-sectional view of a cathode contact 
device mounted onto a wafer. 
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Figure 10 illustrates an alternative embodiment of a discrete 
flexible cathode contact device according to the present invention. 

PFf AILED DESCRIPTION OF THE INVENTION 

In the following description, numerous specific details are set 
forth to provide a thorough understanding of the present invention. 
However, one having ordinary skills in the art may be able to practice 
the invention without the specific details. In some instances, well- 
known circuits, structures and techniques have not been shown in 
detail not to unnecessarily obscure the present invention. 

The present invention provides for a cathode contact device 
that generates a uniform current distribution over the entire surface 
of a wafer. In a preferred but non-limiting embodiment according to 
the present invention, the cathode contact is substantially continuous 
having a substantially annular surface surrounding the wafer. By 
using a continuous cathode contact, the negative charge current 
flowing onto the wafer can be uniformly distributed over the surface 
of the wafer causing in turn the anode current to be uniformly 
distributed across the surface of the wafer. 

Figure 3 shows a cross-sectional view taken across a 
longitudinal axis 1 of an electroplating assembly according to the 
present invention. The electroplating assembly according to the 
present invention includes a cup-shaped container 2 having an inner 
wall 4 defining an inner volume. The cup-shaped container 2 further 
has an outer wall 6. Mounted at a lower end of the container is a pipe 
8 extending upwardly through the inner volume of the cup-shaped 
container. The upper part of pipe 8 is surrounded by a seal 10 located 
between the lower end part of the cup and the outer wall 7 of the pipe 
8. The pipe 8 is inserted, at a lower end, into a vessel (not shown) 
having an electrolytic solution with metallic ions. The vessel further 
can be provided with a pump for pumping the metallic ions upwardly 
through pipe 8 and for expelling these ions via the opening 9, located 
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o, *i zr end of ,ube s - im ° the vo,ume de,ined by *• — « 

The assembly shown in Figure 3 is adapted ,o electroplate a 
arge, surface ,8 of ,he working piece ,6. Targe, surface Z Z 
surface which needs ,o be electroplated for the purpose of -neratin* 
m.crobumps or other conductive structures such as intercom J for 

7Z 7° T " >,er 16 ' ' n HgUre 3 ' » is H K 

P^e 16 has FU " herm ° re ' ta * is embodiment, working 

ptece 16 has a substanttally circular configuration. However the 
assembly, according ,o the present invention, is no, limited to 
electroplating circular workine nieces q,,„v,™ ... .. 
be electroplated too. °' her th3n drCUlar ca " 

The following discussion will refer ,o working piece 16 as a 
*hcon wafer although the scope o, the present invention I n 
hnuted ,o stltcon wafers. The silicon wafer 16 is mounted on top of a 
substantially annular cathode contac, device 20 according to "he 
Present mvention. The wafer ,6 has an elecir.callv conduct e 
»n,muous contact ,„o. shown, a, the periphery oi the target surface 

urfa« rT C ° m0Ur ° f SUbSUmiall> ' *Z* 

surface. In thts particular embodiment, the contac, of the wafer is 

Sv Va : Ular ' ^"' 1e cat hode contact device 20 includes an 
elec nca v conduc.tve conttnuous contac. (no, shown,. The 
electrtcally conducive con.inuous comae, of the cathode comae, 
20. m this particular embodiment is subs.antiallv annular 
^ —us comae, of ca.hode contac, device 20 is adap,ed for 
M^onally contacting the electrically conducive continuous contac 

o "ear ° nal en8agemem iS P™"** — 'he purpose 

of creattng a condnuous electrical connection between the electricT 
-rent supply 2 < and , he mniMlve of 16^ when 
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the anode and cathode contact device illustrated in this figure are 
operatively connected to electrical current supply 24. 

An anode 12 is positioned, within the inner electroplating cup 
wall 4, substantially transversely with respect to longitudinal axis 1. In 
operation, the cathode contact device 20 is connected to the negative 
pole of the current source 24 while the anode 12 is connected to the 
positive pole of current source 24. 

The cup 2 also includes a substantially annular base 3. This base 
supports the cathode contact device 20. The cup 2 further has a gap 23 
through which metallic ions that are not deposited onto the target 
surface 18 are evacuated. 

Cathode contact device 20 additionally has at least an electrically 
conductive arm 28 outwardly extending from the electrically 
conductive contact of the cathode. In this particular embodiment 
electrically conductive arms 28 are made of a flexible material for the 
purpose of connecting the cathode device to the screws 21. From 
screws 21 electrically conductive wires 25 are connected to the 
electrical current supply 24. A balloon 26 is positioned at the upper 
part of the assembly for holding the wafer in place upon the inflation 
of this balloon. 

Figure 4 shows a view of the wafer 16 and the cathode contact 
device, according to the present invention. According to this 
configuration when the center 0 of the cathode contact device 20 is 
concentrically aligned with the center 00 of the wafer 16, and the wafer 
16 is frictionally superimposed over the cathode contact device 20, the 
electrically conductive continuous contact 202 can frictionally contact 
the top surface 19, of electrically conductive continuous contact 17 of 
the wafer, along a continuous path (not shown). Consequently, upon 
connecting the cathode device 20 and the anode (not shown) to an 
electrical current source, a substantially uniform flow of negative 
charge over target surface 18 of the wafer will result. Accordingly, a 
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correspondmg uniform electric field created between the anode and 
the cathode will act upon the metallic ions which will thus be 
uniformly distributed across the target surface 18. Therefore a 
substantially uniform deposition of the desired metal onto a 
predetermined microbump pattern or interconnect pattern will result. 

Figure 5 illustrates a top view of the continuous cathode device 
20 according to the present invention. As one can see, the cathode 

shaT pi" *7 artiCUlar emb0diment < h* a substantially annular 
shape. Cathode device 20 includes an electrically conductive 
continuous contact 202. Contact 202 has a top surface 203 adapted for 
frictjonally contacting the continuous electrically conductive contact 
of target surface 18 of Figures 3 and 4. 

The contact 202 has a shape and a size substantially identical 
w,th the electrically conductive continuous contact of the wafer This 
is to ensure that upon mounting the wafer 16 on top of cathode 
contact device 20, contact 202 frictionally contacts the electrically 
conductive continuous contact of wafer 16 along a continuous path 
ocated on the electrically conductive continuous contact 17 of wafer 
16. However, the shape and size of the electrically conductive contact 
202 are not limited to the shape and the size of the electrically 
conductive continuous contact 17 of wafer 16. The contact 202 could 
have a different shape and/or size as long as its top surface ?03 
ncnonally contacts the contact 17 of wafer 16 along a continuous path 
ocated on the continuous contact of the wafer, when the wafer and 
he cathode device 20 are aligned and contact each other. For example 
the contact 202 could have a disk shape, as opposed to annular shape ' 
equal or greater than the target surface of the wafer. In this case the ' 
cathode device 20 could be positioned on top of wafer 16 as opposed to 
beneath wafer 16. Wafer 16, in this case, would have its electrically 
conductive continuous contact running along the back surface of the 
wafer. 



WO 97/12079 



PCT/US96/15032 



-13- 

In another embodiment, the electrically conductive continuous 
contact of wafer 16 could be positioned around the circular side 37 of 
wafer 16 shown in Figure 4. In this case, the cathode contact device 20 
could be adapted to continuously frictionally engage wafer 16 around 
the circular side 37. In this case, the desired continuous electrical 
contact of the cathode contact device with the electrically conductive 
contact of the wafer would be made around the circular side 37. 

The cathode contact device 20 further has a circuit for coupling 
the electrically conductive body to the electrical current supply (not 
shown). In this particular embodiment, the circuit for coupling the 
electrically conductive contact 202 to the electrical current supply 
includes one or more arms 214 outwardly extending from contact 202. 
In this particular embodiment, arms 214 are made integrally with 
contact 202. Arms 214 have a free end 218 provided with an aperture 
202 for connecting the cathode contact 202 to the electrical current 
supply. 

Additionally, the cathode contact device 20 has a substantially 
circular inner periphery 210 and a substantially circular outer 
periphery 212. As one can see from this figure, the inner peripherv 
210 and the outer periphery 212 define the boundaries of cathode 
device 220. The inner periphery 210 defines the area of the target 
surface which will be electroplated. As such, the shape of the inner 
periphery is not limited circular, but it can have any other shape 
corresponding to the desired shape of the surface to be electroplated. 
Similarly, the outer periphery 212 is not limited to circular but can 
also have other shapes. 

For example, the shape of the outer periphery may be 
constrained by a recess placed onto the rim (top surface) of the cup 
upon which the cathode is mounted. 

Figure 6 shows the cathode contact device 20 of the present 
invention overlaid on the top surface of cup 2. The continuous 
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cathode contact device is held in place, in cup 2, bv a recess machined 
in the top surface of the cup. This recess matches the inner and outer 
periphery of the cathode contact device such that the cathode contact 
device is held in a substantially fixed position with respect to the cup. 

Figure 7 shows a cross-section of the annular part of the cathode 
contact device 20 having annular dielectric layer 226 bonded to contact 
202 thereby forming a clad laminate. When the cathode contact device 
is mounted on the top surface of cup 2, of the electroplating assemblv 
illustrated in Figure 6, the electrically conductive contact 202 will be 
shielded from ionic contact by dielectric surface 226 which prevents 
the deposition of metallic ions onto this contact. Generally, the 
dielectric layer 226 is laminated to the electrically conductive contact 
202 by a process of photolithography! 

The electrically conductive arms 214 can be equally clad into a 
laminate having two layers of dielectric 230 and 232 sealably enclosing 
arms 214 in between as shown in Figure 8. In such wav ion deposition 
onto the surface of the arms 214 is prevented equally. 

The dielectric layer 226 substantially prevents ionic deposition 
onto the continuous electrically conductive contact 202 of the wafer, as 
one can see in Figure 9 which shows a cross-sectional view of the 
coupling between the cathode contact and the periphery of the water 
16. This is achieved by sealing the internal portion 228, of the 
dielectric layer 226, against the periphery of the photoresist layer 23 
coated onto the target surface. The dielectric layer can be made of 
polyamide or any other type of dielectric material which is resilient to 
compression against the photoresistive surface 23. Figure 9 also shows 
the contact 202 frictionally engaged with the conductive contact 17 of 
the wafer thereby providing an electric path for the flow of negative 
electric charge from the current supply onto the target surface of the 
wafer. 
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The electrically conductive contact 202 and the dielectric layer 
226 can be made of flexible materials bonded as a flexible laminate 
clad. This feature offers the capability of easily removing the cathode 
when such cathode is used up due to exposure to electrolyte acids and 
wear imposed by multiple wafer processing. Because the cathode 
contact device has to be fitted through small spaces and, consequently, 
at times it needs to bend, a flexible contact such as the contact 
according to the present invention overcomes this mounting 
problem. Similarly, flexible arms 214 of the flexible cathode contact 
device according to the present invention can be slipped through 
narrow slots in the side of the cup, and then routed out to the power 
supply much like a wire. Accordingly, the cathode contact device can 
be easily replaced without incurring the time penalty that would 
otherwise be required to disassemble the entire electroplating 
assembly. 

The flexible cathode contact device according to the present 
invention provides an additional advantage. As one can see in Figure 
3, a certain amount of metallic particles are evacuated through the gap 
23 after being flown towards the target surface 18. It is desirable that 
the flow of metallic ions in the vicinity of the periphery of the wafer, 
close to the gaps 23, is not obstructed. An obstruction in the path of 
these particles could disturb the smooth flow of these particles, thereby 
causing turbulences which affect the deposition of metal at the 
periphery of the wafer. As one can see in Figure 3, the base 3 forms, to 
a certain extent, an obstruction in the path of ions flowing out towards 
gap 23. The cathode contact device 20 inserted into the electroplating 
assembly additionally contributes to the obstruction of ions. It is thus 
desirable to have a cathode contact device with a very low thickness 
such that the obstruction posed by this cathode contact device is 
minimized. The cathode contact device, according to the present 
invention, substantially minimizes the effect of its obstruction in the 
path of metallic ions by having a low thickness. 
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Figure 10 illustrates a different embodiment of the present 
invention wherein the cathode contact device includes a plurality of 
flex,ble tabs which connect the power supply to the electrically ' 
conductive contact of the wafer at a discrete number of points For 
example certain types of electroplating applications such as gold 
electroplating require a lower cathode current. Very often in such 
applications, the target surface to be electroplated is relatively small 
with respect to the cathode contact. In this situation the cathode 
contact has to be precisely positioned with respect to the target surface 
The present invention proves for a mechanism for installing the 
discrete cathode contact tabs onto discrete recesses positioned onto the 
top surface of the cup. As one can see in Figure 10, tab 314 has a first 
portion 316 with an end 318 for coupling to an electrical current 
supply. Tab 314 has a second portion 318 integral with the first 
portion. The second portion has end 322, for frictionallv contacting 
the electrical conductive contact of the target surface (not shown) The 
first portion has a width larger then the width of the second portion 
The shoulder 320 is formed at the junction of those portions This ' 
shoulder acts as a stopper. When the cathode contact device 20 is 
installed within the cup 2, illustrated in Figure 10, the shoulder 3?0 
rests against the outside periphery of the cup, thus, providing the 
means tor positioning the contact preciselv within the recess of the top 
surface of the cud. v 

X 

In the foregoing specification, the invention has been described 
with reference to specific embodiments thereof. The specification and 
drawmgs are accordingly, to be regarded in an illustrative rather than 
a restnchve sense. It will however be evident that various 
modifications and changes can be made thereto without departing 
from the broader spirit and scope of the mvention as set forth in the 
appended claims. 
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CLAIMg 

What is claimed is: 

1. A cathode device for providing particle deposition onto a target 
surface of a working piece, said particles being driven by an electric 
field created by said cathode device and an anode, said working piece 
having a first electrically conductive continuous contact surrounding 
said target surface, said cathode.device comprising: 

a second electrically conductive continuous contact adapted for 
frictionally contacting said first contact along a continuous path 
located on said first contact, said second contact further having an 
inner periphery defining an aperture for passing therethrough said 
particles onto the target surface; and 

a circuit for electrically coupling said second contact to an 
electrical current supply. 

2. The device of claim 1 wherein said target surface is substantially 
circular and said first continuous contact is substantially annular. 

3. The device of claim 2 wherein said first and second contacts 
have substantially identical shapes. 

4. The device of claim 3 wherein said first and second contacts 
have substantially identical sizes. 

5. The device of claim 2 wherein said first contact is located on 
said target surface and said second contact is adapted for frictionally 
contacting said first contact along a continuous path, located on said 
first contact, upon mounting said cathode device onto the target 
surface. 
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6. The device of claim 2 wherein said firs, comae, is disposed 

Y , MnSVerSe '° ^ "** a " d » id -II is 

adap ed or frtcfional.y con.ac.ing said flrs, con.ac, along a continuous 

part, located on said firs, comae, when said cathode device is 

frtconally mounted around said working piece along ,he 

circumference of the working piece. 

* The device of claim 4 wherein said circui, for coupling said 

elec^r"? **** CUTO "' "-to I 

outward " '™ ' n,egral Wi ' h SaW ««»» « ««« and 

outwardly ex,end,ng from said second comae, said arm having a firs, 
end for connecting to said electrical current supply. 

L A Ca ' h0de C ° nU " deViM *" ^"opiating mierobumps or 
uu—cts on.o a subs,an,ia,iy circular ,arge, surface of a 
semiconductor wafer, said semiconductor wafer having a firs. 
ubstannaUy annular elecricafiy conductive contact sur o ding the 
large, surface, said mierobumps or interconnect being formed Z 
deposit™ o, metafiic ions onto ,h. targe, surface /predated 
miaobump o, ■ in.erconnec, line locations, said ions L, dJvT£ 

ou'i Crea,£d " V Ca ' h0de *™ •* ■» anode upon y 

oup tag sa , d cathode device and ,he anode ,o an electrica, curren, 
supply, said cathode contact device comprising- 

said < * T" d SUbS,an,ia ">' ^ecrtcany conducive comae, 

Z*Zr:' a T" $ 3daP,ed '°' W said firs, 

comae, along a continuous path located on said firs, comae, said 

second comae, having a substantially circular inner peripherv def.nimr 
an aperture for passing said metallic ions onto the targe, surface ^ 
aperture having a size substantially identical to said subslan, am 
circular larget surface; and " 

electrical*""' " e ' MriCa " y ™ PK " S ™ d SK ° nd ««« '° an 
electrical current supply. 
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9. A cathode contact device for providing particle deposition onto 
a target surface of a working piece, said particles being driven by an 
electric field created by said cathode device and an anode, said working 
piece having a first electrically conductive continuous contact 
surrounding said target surface, said cathode device comprising: 

a flexible clad laminate having a flexible electrically conductive 
continuous contact adapted for frictionally contacting said first contact 
along a continuous path located on said first contact, said flexible clad 
laminate further having an inner periphery defining an aperture for 
passing therethrough said particles onto the target surface; and 

a circuit for electrically coupling said second contact to said 
electrical current supply. 

10. The device recited in claim 9 wherein said flexible clad laminate 
further has an insulating flexible layer bonded to said second contact. 

11. The device recited in claim 10 wherein said insulating layer 
comprises polyamide. 



12. The device of claim 10 wherein said target surface is 
substantially circular and said first continuos contact is substantially 
annular. 

13. The device of claim 12 wherein said first contact and said 
flexible contact have substantially identical shapes. 

14. The device of claim 13 wherein said first contact and said 
flexible contacts have substantially identical sizes. 

15. The device recited in claim 14 wherein said insulating layer is 
substantially annular. 
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IL < , reCUed ^ C,3im 15 Wh6rein Said circuit f or coupling 
saKi econd contact to said electric current supply includes a second 

metal clad laminate having a metal flexible layer sealablv bonded 

between a first and a second flexible insulating layers. ' 



17. The device recited in claim 16 wherein said insulating flexible 
ayer has a substantially annular resilient sealing surface exfending 
radially inwardly from said second contact 8 

working deViCe redt ! d " daim 17 Wher6in Said »** surface °' -id 
working p ie ce is coated with a photoresistive layer. 

19- The device recited in claim 18 wherein said sealing surface is 
adapted for annularly sealing said first contact of the working piece 

s U aid n D e hT SCmem ° f Sajd SeaHng SUrf3Ce WUh 3 P e "P heral Priori of 
said photoresistive layer. 

20. The device recited in claim 19 wherein the combined thickness 
of said second contact and said insulating layer is equal or smaUer 
than a predetermined value for ensuring a smooth flow of particles 
onto the target surface. V 

21- The device recited in claim 20 wherein the combined thickness 
of said metal flexible layer and said insulating flexible laver is 
approximately 0.12 mm. 

22 A method for providing uniform particle deposition onto an 
electrically conductive target surface of a working piece, said method 
comprising the steps of: 

depositing by photolithography a layer of photoresist onto the 
target surface wherein selected areas of the target surface are covered 
by the photoresist, and non-selected areas of the target surface are not 
covered by the photoresist according to a predetermined particle 
deposition pattern; 
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removing, by etching, a portion of said photoresist located at the 
periphery of said layer of photoresist, thereby providing a first 
electrically conductive continuous contact; 

generating a stream of particles; 

providing a cathode contact device having a second electrically 
conductive continuous contact adapted for frictionally contacting the 
first contact along a continuous path located on the first contact, said 
second contact further having an inner periphery defining an aperture 
for passing therethrough said particles onto the target surface; 

providing an anode for creating an electrical field between said 
anode and said cathode thereby driving said particles from said source 
of parties- 
providing a circuit for electrically coupling said second contact 
to an electrical current supply; 

mounting said cathode contact device onto the periphery of a 
working structure; 

laying said working piece upon said cathode contact device 
whereby said first and second contacts are frictionally engaged around 
a continuous path located on said first contact; and 

coupling said second contact and said anode to an electrical 
current supply. 

23. A cathode contact device for providing particle 
deposition onto a target surface of a working piece, said particles being 
driven by an electric field created by said cathode device and an anode, 
said working piece having at least an electrically conductive contact 
positioned at the periphery of said target surface, said cathode contact 
device comprising: 

at least one electrically conductive tab having a first portion, 
with a first end for coupling to an electrical current supply, and a 
second portion, integral with said first portion, said second portion 
having a second end, opposite from said first end, for frictionally 
contacting said electrical conductive contact of the target surface, 
wherein said first and second portions have respectively, first and 
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second widths, said first width being greater than the second width 
such that a shoulder is formed at the junction of said first and second 
portions. 



24. The device of claim 23 wherein said shoulder is adapted 
to engage with a cup supporting said tab, whereby upon frictional 
engagement between said shoulder and the side of said cup said 
second end of the tab is substantially aligned with said electrically 
conductive contact of said target surface. 
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FIG. 2c 
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FIG. 5A 
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